We compare electron densities measured at three di erent locations in solar ares: (1) in soft X-ray (SXR)-bright are loops, (2) in chromospheric evaporation up ows, (3) and in particle acceleration sites.
INTRODUCTION
The electron density is one of the fundamental physical parameters to characterize the plasma in the solar corona. The plasma of the quiet corona is supposed to be in thermal equilibrium, and thus is expected to form strati ed density layers exponentially decreasing with height, characterized by a vertical scale height that is proportional to the coronal temperature. Electron beams that propagate through the corona can excite plasma emission, whose frequency is a function of the local electron density only, and thus conveniently traces the density structure along the trajectory. In deviation from a barometric corona, heating processes in coronal loops can occur faster than the thermalization time, and thus can lead to density scale heights that do not correspond to a thermal equilibrium. Especially during the impulsive phase of solar ares, a violent non-equilibrium situation prevails. The heating of are plasma enhances not only the electron temperature but also concomitantly increases the plasma pressure and electron density. Moreover, chromospheric evaporation is thought to drive an up ow of heated plasma into are loops, producing steep density gradients at the up ow front. Density diagnostic therefore represents a key tool to probe the various physical processes that evolve during solar ares.
Electron densities in ares can be measured with di erent methods, employing (1) the plasma frequency of radio emission, (2) the emission measure of soft X-ray (SXR) or X-ray ultra-violet (XUV) emission, (3) density-sensitive line ratios (in SXR and XUV, see e.g. review by Doschek 1990; Phillips 1991) , (4) line width measurements of the higher Balmer lines (e.g. Foukal, Miller, & Gilliam 1983) , or (5) measurement of the intensity of the electron scattering (white-light) continuum for limb ares (e.g. Fisher 1974; Ichimoto et al. 1992) . For an extensive review of electron density measurements in are loops see Bray et al. (1991, p.229-249) . In this study we make use of the rst two methods in radio and SXR, by analyzing radio data from the Phoenix (ETH Zurich) spectrometer and the Soft X-Ray Telescope (SXT) onboard the Yohkoh spacecraft. The new aspect of this investigation is to intercompare the electron densities inferred from decimetric radio bursts with those obtained from SXR emission measure maps of are loops. This intercomparison should lead us to a conclusion whether electron beams that produce decimetric plasma emission propagate inside SXR-bright are loops or outside in a volume with lower density. Since the electron density of the acceleration site can be measured from broadband radio spectra that show bi-directional electron beams (accelerated in upward and downward direction), the comparison of its electron density with that of the SXR-bright are loop should also reveal whether the acceleration site is located inside or outside of the SXR are loop. These observational constraints may have incisive implications for are models, e.g. whether particle acceleration takes place in DC electric elds inside are loops versus magnetic reconnection above are loops. A further spino of this study is to probe the electron density in plasma up ows produced by chromospheric evaporation, which is believed crucially to a ect the opacity of decimetric radio bursts . The radio-inferred values of electron densities in the chromospheric up ows can then be compared with the SXR-inferred values of the lled are loops, providing a compatibility test of both methods as well as a tool to monitor the density evolution of lling and already lled-up are loops. In Section 2 we describe the observations and data analysis in SXR (x2.2) and radio (x2.3). The interpretation and theoretical modeling of the observational results is discussed in Section 3. The conclusions are summarized in Section 4.
DATA ANALYSIS 2.1. Data selection
Since our study requires simultaneous density measurements in soft X-rays (SXR) and radio, we rst select all are events that have been commonly observed with Yohkoh/SXT in are mode and with the broadband radio spectrometer Phoenix of ETH Zurich. This selection criterion produces a catalog of 29 common ares between July 1992 and December 1993. Omitting observations with incomplete frequency coverage over the 100-3000 MHz range, we lose 3 events, and an additional event with incomplete time coverage by SXT. From the remaining 25 events we identify radio bursts in the 0.1-3.0 GHz frequency range during 14 ares (56%) recorded with SXT in are mode, while no radio bursts were detected in 11 ares (44%) over the entire frequency range. In this study we focus on the dataset with 14 ares simultaneously detected in both SXR and radio, while the remaining dataset with \radio-quiet" SXR ares will be investigated in a separate study. The list of the 14 analyzed ares is given in Table 1 .
Soft X-ray Data Analysis from Yohkoh/SXT
The Soft X-Ray Telescope (SXT) onboard the Yohkoh spacecraft is a grazing-incidence re ecting telescope of 1.5 m focal length that employs a 1024 1024 format virtual-phase CCD detector with an angular resolution of 2:45 00 (Tsuneta et al. 1991) . Once a are trigger is activated, SXT records images from the are region in a limited eld of view with 64 64 pixels, with a cadence of a few seconds per lter, usually cycling through a sequence of 4 di erent lters (1265 A Al, 2930 A Al + 2070 A Mg, 11.6 m Al, and 119 m Be), which are sensitive in the wavelength ranges from 2:5 ? 36 A (thin Al lter) to 2:3 ? 10 A (Be lter).
Depending on the are duration, SXT records up to 1000 images per are. The selection of SXT images in our analysis is dictated by the occurrence time of decimetric radio bursts. Therefore we select for each episode of decimetric radio bursts the most coincident SXT image, varying in number between one image per are (for ares with short radio coverage or are duration of < 1 min), and a maximum of 15 images per are (for the longest are with radio coverage over 30 min). The total number of observed radio burst episodes amounts to 44 during 14 di erent ares. For each radio episode we analyze two SXT images with di erent lters and determine from the lter ratio an emission measure (EM) map and an electron temperature (T e ) map, using the standard Yohkoh software (see IDL procedures SXT-PREP and SXT-TEEM) described in Morrison (1994) .
Starting from the emission measure (EM) maps, which are a measure of the squared electron density integrated over the line-of-sight, we estimate the column depth of the line-of-sight from the transverse diameter of apparent SXR loops. This approach is fairly save for are loops that show unambiguous single loop structures (sometimes corroborated by the position of conjugate HXR double footpoints), and may serve as rst approximation for less unambiguous cases. Fig.1 shows an example how the diameter of a are loop is measured. From three di erent scans extracted perpendicular to the are loop we determine the full width at half maximum (FWHM) of the emission measure EM(x) pro le on linear scale. Assuming a constant electron density n e across the circular loop cross-section we expect that the emission measure pro le EM(x) behaves like EM(x) = 
{ 4 { with r the radius of the are loop. The FWHM of this semi-circular function is related to the radius r by FWHM = r p 3. Thus, interpolating a semi-circular function through the maximum and the two FWHM points we nd with Eq.1 a unique value for the electron density n SXR e at each given scan of the SXR are loop. The example in Fig.1 shows that the loop diameter d = 2r varies between 6.0 and 9.5 Mm for the 3 scans of this particular are loop, while the electron density varies in the range of n SXR e = 1:5 ? 1:9 10 11 cm ?3 . The viability of this approach should be judged from the goodness of the t of the model (Eq.1). The example in Figure 1 (and most of the other analyzed cases) show an acceptable agreement with the model, except for tails at a level of < 20% of the peak emission measure. The tails may indicate a lower electron density in the surrounding volume of the are loop, or may partially be caused by the point spread function of the SXT telescope, which is characterized with a Mo at function (Martens, Acton, & Lemen 1995) .
We determine this way the electron density n SXR e of SXR are loops for all 44 are episodes with decimetric radio bursts. Figure 2 shows the brightest SXT image for each of the 14 ares. The three scans per are were chosen close to the location of the peak emission measure, which is the most likely place for are activity in a SXR image, because the highest density is produced where the highest plasma pressure is built up during the are, while are-unrelated SXR emission (e.g. from post-are loops from previous ares) is expected to have generally a lower density. The measured values of the peak electron density n SXR e and loop diameters d are listed in Table 1 , and are histogrammed in Figure 3 . The SXR peak emission measure values range from EM = 4 10 29 cm ?5 to 1 10 32 cm ?5 . The loop diameters vary from d = 3400 to 18; 400 km, and the corresponding peak electron densities from n SXR e = 0:2 10 11 cm ?3 to 2:5 10 11 cm ?3 .
Radio Data Analysis from Phoenix
The main purpose of this study is to compare the electron density inferred from SXR emission measures with the radio-inferred values, based on the plasma frequency of decimetric radio bursts. Therefore, we identify are episodes with decimetric (0.3-3.0 GHz) radio bursts and determine their radio spectrum during these time intervals. From these spectra we determine the low and high frequency cuto s, to constrain lower and upper limits of the plasma frequency and the corresponding electron density in the radio source.
Phoenix is a digital radio spectrometer (of the third generation) at ETH Zurich, sampling dynamic spectra with a typical time resolution of 100 ms and with a frequency resolution of 15 MHz over the frequency range from 100 to 3000 MHz. An instrumental description is provided in Benz et al. (1991) . The 14 SXT ares analyzed in this study were all recorded with a resolution of 15 MHz in the 1.0-3.0 GHz range, and with somewhat coarser frequency steps in the 0.1-1.0 GHz range, due to gaps caused by terrestrial interference. The data quality can be considered as excellent, thanks to the improved antenna tracking system implemented in 1991. The radio spectrum is found to be stable over the entire 0.1-3.0 GHz range within a few SFUs after calibration and pre are background subtraction (see r.m.s. amplitude of background in Figs. 4-6 and in spectra of Fig.7) .
For the identi cation and classi cation of decimetric radio bursts we follow the nomenclature previously established from representative surveys of decimetric radio bursts observed by the ETH Zurich radio telescopes, by means of analog spectra in the 0.3-1.0 GHz range (Wiehl, Benz, & Aschwanden 1985) , digital spectra in the 0.3-1.0 GHz range (G udel & Benz 1988) , and digital spectra in the 1-3 GHz range (Isliker & Benz 1994) . Based on the morphological de nitions in these 3 catalogs we subdivide the observed decimetric events into: (1) decimetric type III (dm-III) or reverse-slope (dm-RS) drift bursts (see examples in Fig.4 , showing detached narrow-band or broad-band fast-drift bursts, with measurable or almost in nite drift rates, and typical durations of < 1 s), (2) decimetric pulsations (dm-Puls) (see examples in Fig.5 , showing coherent, quasi-periodic sequences of fast-drifting structures with pulsed time structures of < 1 s, usually bound by a constant or slowly-drifting low-and high-frequency cuto ), and (3) decimetric di use continua (see examples in Fig.6 , showing di use \patches" in frequency and time, lasting for several seconds, but signi cantly shorter than type IV events). The classi cation of the burst types in the 44 events is listed in Table 1 .
In our analysis of the 44 decimetric bursts we determine the background-subtracted radio spectra in the 0.1-3.0 GHz range (each shown in Fig.7) , and measure the low-and high-frequency cuto s of each decimetric burst, listed as dm;1 and dm;2 in Table 1 . Multiple spectral peaks of decimetric bursts (seen in Fig.7 ) often indicate multiple structures in time, having their spectral peaks at slightly di erent frequencies. For each are we monitored also metric type III bursts, but we detected them only in 25 out of the 44 analyzed are episodes. Whenever observed, we measured the start frequency of metric type III bursts from the spectra shown in Fig.7 , listed as III in Table 1 . Several cases show also decimetric RS bursts simultaneously during metric type III bursts, where the average type III start frequency was found to be roughly coincident with the separatrix frequency between the two oppositely-drifting burst types (two cases are studied in detail in Aschwanden, Benz, & Schwartz 1993) . The distributions of these measured frequencies are shown in Fig.8 , and the ranges and mean values are listed in Table 2 .
In a next step we convert the measured radio frequencies III , dm;1 , and dm;2 into values of electron densities, i.e. n III e , n dm;1 e , and n dm;2 e , by setting the observed radio frequency to the fundamental electron plasma frequency p , 
with n e the electron density, e the elementary charge of an electron, and m e the electron mass (in cgs units).
Implicitely it is assumed that the observed metric and decimetric radio emission is related to fundamental plasma emission. The justi cation for this assumption is discussed in Section 3.2. If some bursts would be emitted at the harmonic level of the plasma frequency, the inferred density would be a factor of 4 lower. The conversion into electron densities allows us comparisons with SXR-inferred densities n SXR e in are loops (see hatched areas overlaid on the spectra in Fig.7 and histograms in middle column of Fig.8 ). The ratios of radio-inferred to SXR-inferred electron densities, i.e. q = n radio e =n SXR e , are compiled in Table 2 (see also distributions in right column of Fig.8 ).
3. DISCUSSION 3.1. Density diagnostics in SXR From our sample of radio-selected are episodes we found in SXR-bright are loops electron densities in the range of n SXR e = 0:2 ? 2:5 10 11 cm ?3 . These values are in good agreement with previous studies using the same method (EM = R n 2 e dV ): e.g. n SXR e = 0:13 ? 1:9 10 11 cm ?3 for a dataset of 25 compact are loops observed with Skylab (Pallavicini, Serio, & Vaiana 1977) . For localized bright loop-tops in 4 ares observed with Yohkoh, somewhat higher electron densities (n SXR e = 2:9 10 11 cm ?3 to 1:2 10 12 cm ?3 ) have been measured (Doschek 1994; Doschek, Strong, & Tsuneta 1995) . Comparing with density diagnostic from SXR line ratios, using the ratio of the forbidden to intercombination lines for He-like ions (Gabriel & Jordan 1972; Brown & Nakagawa 1978) , comparable densities were reported (e.g. n e = 3 10 10 cm ?3 , Brown et al. 1986 ; n e = 10 11 cm ?3 , McKenzie et al. 1980 ), but also signi cantly higher values, e.g. n e > 10 12 cm ?3 (Doschek et al. 1981; Linford & Wolfson 1988) , so that the density range in typical ares covers a wider range, from a few times 10 10 cm ?3 to several times 10 12 cm ?3 (Doschek 1990 ). Unusual high electron densities of n e = 2 10 12 ? 10 13 cm ?3 have been recently reported by Phillips et al. (1996) , based on new calculations of Fe XXI and Fe XXII intensities. Such extremely high electron densities would also imply very rapid radiation cooling rates ( 1:4 s) and require high magnetic elds (B 500 G) for con nement. If these measurements are correct, the systematically higher values obtained from SXR line ratios would imply low lling factors (of 0:01 ? 0:10) inside are loops, in order to reconcile the lower values obtained from the spatially averaged SXR emission measures < n 2 e dV >. On the other hand, lling factors near unity have been reported. Culhane et al. (1994) estimated a loop lling factor of 0.7 by comparing the densities inferred from the SXR emission measure (n e = 2:5 10 11 cm ?3 and from the conductive loss curve (n e = 3:6 10 11 cm ?3 . Good agreement has also been found between the electron densities measured from both emission measure and line ratio methods using EUV lines (Widing & Spicer, 1980) . Another systematic trend towards unplausible high electron densities (n e 10 12 cm ?3 ) was also noticed from line width measurements of the higher Balmer lines (Foukal et al. 1983) . If the lling factor would be generally lower than unity, the di erence between SXR-inferred and radio-inferred electron densities from our study would be even larger.
Density diagnostics in radio
Our density diagnostic in radio is based on the electron plasma frequency, which is a direct function of the electron density, and does not depend on the plasma temperature, the lling factor, or the spatial resolution of the instrument, as it is the case for SXR-based density measurements using the SXR emission measure. Therefore, the plasma frequency represents a very accurate tool to probe the electron density. The only ambiguity to be decided is whether an observed radio burst is produced by the plasma emission mechanism, and whether radiation is emitted at the fundamental or harmonic level. It has been established that fast-drifting radio bursts (type III and RS) in the metric and decimetric frequency range are caused by radiation from plasma oscillations excited by electron beams (Wild, Roberts, & Murray 1954) with typical exciter velocities of v B =c = 0:07 ? 0:25 (Dulk et al. 1987) . The question whether fundamental or harmonic plasma emission dominates for decimetric fast-drifting bursts is less clear, but assuming harmonic emission would decrease the values of radio-inferred densities by a factor of 4, and thus would produce larger discrepancies to the SXR-inferred density values.
Besides decimetric type-III and RS bursts, for which plasma emission can be considered as established, we identi ed also a considerable number of decimetric pulsations and di use continua events, for which the radiation mechanism is not yet identi ed. Alternative emission mechanisms are related to gyroresonance or gyrosynchrotron emission. Because all decimetric bursts analyzed here have time scales of < 1 s, or < 2 s for di use continua (see Figs.4-6), they are produced by a coherent emission mechanism, in contrast to incoherent gyrosynchrotron emission, which has longer time structures ( > 5 s), peaks at higher frequencies ( > 5 GHz), and exhibits more broadband spectra (Benz & Tarnstr m 1976) . Any contribution of the relatively slowly-varying gyrosynchrotron spectrum would be largely subtracted out in the spectra shown in Fig.7 , based on our pre-burst background subtraction. Also coherent gyroresonance emission, e.g. electron cyclotron maser emission (Melrose & Dulk 1982) , applied to quasi-periodic decimetric radio emission (Aschwanden & Benz 1988) , is an unlikely candidate for most of the decimetric bursts, because of the relatively high magnetic elds required (B = 100 ? 1000 G for the 0:3 ? 3:0 GHz range) and the di cult { 7 { escape conditions at the harmonic layer (Robinson 1989) . In view of these di culties, a plasma emission mechanism appears to be a more likely candidate for most of the decimetric radio bursts. Even for other emission mechanisms than beam-driven plasma oscillations, the emission frequency is often closely related to the local plasma frequency, e.g. for upper hybrid waves in weak magnetic elds (! = q ! 2 p + 2 e , with ! p being the plasma frequency and e the gyrofrequency). Thus, for simplicity we assume in this study that most of the decimetric bursts are emitted close to the plasma frequency, despite the fact that the speci c emission mechanism for the pulsating and di use continua bursts is not understood. In other words, our conclusions are restricted to decimetric bursts produced near the plasma frequency.
Chromospheric evaporation
The interpretation of decimetric radio bursts has been signi cantly advanced by the discovery that the chromospheric evaporation process plays a fundamental role for the opacity of decimetric radio bursts . This e ect can simply be characterized with the temperature and density dependence of the free-free opacity, i.e. ff / n 2 e T ?3=2 ?2 , which reduces to ff / n e T ?3=2 for plasma emission. Since the temperature gradient at the chromospheric evaporation front changes about by a factor of T F =T C 15 MK/1.5 MK=10 from a coronal value T C = 1:5 MK above the evaporation front to a are temperature of T F 15 MK behind the front, the free-free opacity of plasma emission changes abruptly by a factor of 10 3=2 30, which constitutes a sharp low-frequency cuto for decimetric radio bursts. In our study, this low-frequency cuto is measured at plasma densities of n upflow;1 e := n dm;1 e = 0:13 ? 5:1 10 10 cm ?3 . Behind the chromospheric evaporation front, the electron density increases steadily because of the overpressure, and thus increases the free-free opacity according to the ff / n e dependence. This opacity increase behind the evaporation front is manifested as a high-frequency cuto for decimetric bursts, often exhibiting a slow drift toward lower frequencies due to the upward motion of the evaporation front. In our analysis, we detect this high-frequency cuto at plasma densities of n upflow;2 e := n dm;2 e = 0:3 ? 11:2 10 10 cm ?3 . The density jump between the front and the back of the chromospheric evaporation front is found to have a typical (median) value of Q upflow = n upflow;2 e =n upflow;1 e = 3:6. This value compares favorably with hydrodynamic simulations of chromospheric evaporation up ows (Reale & Peres 1995; Mariska, Emslie, & Li 1989) .
The opacity e ects of the chromospheric evaporation process a ect all decimetric radio bursts emitted near the plasma frequency in a similar way, regardless whether their ne structure consists of dm type IIIs, dm pulsations, or dm di use continua. Numeric calculations of the resulting radio brightness spectra have shown that plasma emission at the fundamental level ts the observed spectra better than at the harmonic level . In Fig.9 we show calculations of the free-free opacity for fundamental plasma emission as function of the electron density n e and the plasma depth r. For the temperature dependence we assume a steady increase from the coronal value of T C = 1:5 MK at the up ow front (at a density of n upflow;1 e = 3 10 9 cm ?3 ) to a typical are temperature of T F = 15 MK behind the up ow front (at a density of n upflow;2 e = 10 11 cm ?3 ). The contours in Fig.9 indicates the parameter space ff (n e ; r) where the free-free opacity changes from ( ff = 1) to ( ff = 20) for fundamental plasma emission. To test whether this model can explain the observability of decimetric bursts, we place each of the 44 events onto this diagram, according to the density inferred from their plasma frequency and the plasma depth r estimated from the SXR loop radius r = d=2. From this averaged opacity diagram we see that all decimetric bursts are indeed emitted under conditions where the corona is su ciently transparent ( ff < 1). Although we do not know the absolute brightness temperature (T obs B = T B e ? ff ) of decimetric radio bursts, it is { 8 { save to assume that high opacities of ff > 10 would completely suppress them. The diagram in Fig.9 demonstrates also clearly that the decimetric bursts are only visible because of the high are temperature, but they would be completely absorbed at the lower coronal temperature. The decimetric spectra can directly be compared with the plasma frequency of the SXR-bright are loop (see Fig.7 ). Although the plasma frequency corresponding to electron densities in SXR are loops is close to the highest observable frequency (3.0 GHz) by Phoenix, there is in most of the observed cases no evidence that the spectrum of decimetric bursts extends beyond the plasma frequency observed in the SXR loop. The-low frequency cuto of decimetric bursts is found to be lower than the SXR plasma frequency in 98% of the cases (Fig. 8 middle right) , and also the high-frequency cuto of decimetric bursts is found to be lower than the SXR plasma frequency in 84% of the cases (Fig.8 bottom right) . If we take the ratio of the radio-inferred electron densities to the SXR-inferred values, we nd ratios of q upflow;1 = n dm;1 e =n SXT e = 0:016 ? 1:27 (with a median value of 0.09) for the up ow front, and ratios of q upflow;2 = n dm;2 e =n SXT e = 0:09 ? 3:05 (with a median value of 0.35) behind the up ow front, in the bulk part of the up owing plasma. Thus, we infer that the lled loops have in the average a 3 times higher peak density than the up owing plasma. Numerical MHD simulations (Reale & Peres 1995) show indeed a density jump of about a factor of 3 in the up owing front, and an additional overall density increase by a factor of 3 on time scales of 20-60 s after the up ow front reached the apex of the loop. This temporal evolution of the lling process has to be translated into a spatial picture, where new loops subsequently start to ll up after the lling of earlier loops is completed. In the magnetic reconnection scenario, this is a natural evolution, since the magnetic reconnection X-point proceeds to higher altitudes during the impulsive phase of ares, which gradually separates the topologically connected footpoints, where precipitating electrons heat the chromosphere and drive chromospheric evaporation in a gradually expanding footpoint area. This are scenario and its relation to decimetric radio bursts is depicted in Fig.10 (See also numeric simulations of magnetic reconnection for this scenario by Magara et al. 1996) .
The Acceleration Site
The type III frequencies range between 220 and 910 MHz, corresponding to electron frequencies of n III e = 0:6 10 9 to 1:0 10 10 cm ?3 for the case of fundamental plasma emission. The signi cance of type III start frequencies is that they demarcate the electron density in the acceleration region. While it was not known in earlier studies whether the start frequency of metric type III bursts would be signi cantly displaced to lower frequencies than the plasma frequency of the acceleration region, due to a minimal propagation distance for electron beams to become unstable (Kane, Benz, & Treumann 1982) , recent studies of the starting point of combined upward and downward propagating beam signatures (two are events in Aschwanden, Benz, & Schwartz 1993 ; 30 bi-directional type III+RS burst pairs in demonstrated that the centroid position of the acceleration region is close to the start frequency of strong type III bursts. Based on this result we associate the start frequency III of type III bursts with the electron density n acc e of the acceleration region. The range of type III start frequencies (220-910 MHz) measured here is found to be identical with that (270-950 MHz) of 30 bi-directional III+RS burst pairs analyzed in . Comparing these densities in the acceleration region with those in the SXR-bright are loop, we nd very low ratios of n acc e =n SXR e = 0:007 ? 0:127 (with a median of 0.027),
i.e. the density in the acceleration region is one to two orders of magnitude lower than in the SXR-bright are loop. This result has dramatic consequences for the location of the acceleration site. The extremely low density ratio in the acceleration site found in all ares without exception leaves no room to place the acceleration site inside the SXR-bright are loop. Even if we would allow for harmonic plasma emission or for non-unity lling factors of the SXR loop, the density ratio between the acceleration site and the SXR loop would be even more extreme. Therefore we see no other possibility than to conclude that the acceleration site is located outside of the SXR-bright are loop. The next question is about the magnetic topology that can accomodate for such large density gradients (of roughly 2-5 density scale heights). A natural topology is a cusp-shaped magnetic eld geometry above the SXR-bright are loop, where acceleration is assumed to take place beneath the X-or Y-type magnetic reconnection point (see cartoon in Fig.10 ; for a detailed physical model see Tsuneta 1996) . The magnetic eld lines that connect the cusp with the footpoints can have arbitrarily lower densities than the encompassed closed eld lines that have been lled by evaporated plasma. Of course, the high density gradient between the acceleration site and the lled SXR-bright are loops can only be maintained in a dynamical process where the reconnection point proceeds to higher altitudes before chromospheric evaporation has lled up the cusp volume. This race of the reconnection point with the evaporation front in upward direction may come to a halt in long-duration ares, where the cusp volume becomes clearly lled up . Adopting this are scenario, where acceleration takes place in a low-density region above the much denser SXR-bright are loop, we have also a physical separation between non-thermal and thermal electrons. While the SXR-bright are loop is entirely lled with a thermal ( 15 MK) plasma that is fully collisional, the low-density region above the SXR-bright are loop, which encompasses the acceleration site in the cusp region, is essentially collisionless and partially traps the accelerated nonthermal particles by magnetic mirroring. The con ned non-thermal particles represent also the source of gyrosynchrotron emission observed in microwaves. Consequently, the electron densities inferred from microwave bursts are thus generally lower (n e < 10 10 cm ?3 , see compilation in Bray et al. 1991, p.245 ) than in the SXR-bright are loops (n e 10 11 cm ?3 ). The con nement above the SXR-bright are loop may also account for the above-the-loop-top HXR sources discovered by Masuda (1994) . Moreover, electron time-of-ight measurements from HXR data clearly indicate that the acceleration site is located a factor of 1:6 0:4 higher than the apex of the SXR loop (Aschwanden et al. 1996 ). An additional argument for the location of the acceleration site outside the dense SXR-bright are loops is also the collisional lifetime of 20 keV electrons, which would be stopped inside the dense (n SXR e > 10 11 cm ?3 ) SXR-bright loop before they can reach the footpoints, where non-thermal 20 keV HXR emission is often observed.
CONCLUSIONS
In this study we compared radio-inferred with SXR-inferred electron density measurements in solar are loops. The electron densities inferred from radio bursts make use of the fundamental plasma frequency, which is believed to represent the approximate observed frequency for most fast-drifting metric and decimetric radio bursts. Since we make use of broadband dynamic spectra over the frequency range of 0.1-3 GHz (from Phoenix), we are sensitive to electron densities from n e = 10 8 to n e = 10 11 cm ?3 . The electron densities inferred from SXR images are based on measurements of the line-of-sight emission measure and estimates of the column depth by measuring the loop diameters perpendicular to the line-of-sight. Comparing the densities inferred from these two methods in an unbiased sample of 44 are episodes during 14 commonly observed ares we arrive at the following conclusions:
1. The electron density in the acceleration site, probed by the plasma frequency that separates upward and downward accelerated electron beams, has a density of n acc e = 0:6 ? 10 10 9 cm ?3 , which is only a few percents of that in the SXR-bright are loop, and thus has to be located signi cantly outside the SXR-bright are loop, probably in the cusp region above the SXR are loop. This conclusion is consistent with the scaling law between electron time-of-ight distances and are loop lengths (Aschwanden et al. 1996) , and could also provide an explanation for the above-the-loop-top HXR sources (Masuda 1994) . 2. Up owing plasma driven by the chromospheric evaporation process can be detected by means of decimetric radio bursts due to opacity e ects of free-free absorption. We nd electron densities of n upflow;1 e = 0:1 ? 5 10 10 cm ?3 at the up ow front, and about a factor 3.6 higher behind the front, where decimetric bursts become completely absorbed. These densities amount to 10-30% of completely lled loops, for which we measure densities of n SXR e = 0:2 ? 2:5 10 11 cm ?3 in SXR. The comparison of radio and SXR density diagnostics seems to be satisfactory, considering the fact that radio bursts are sensitive to up owing plasma, while the SXR peak emission measure refers to the brightest loops, after they have been lled up.
This study has demonstrated, for the rst time, that radio and SXR measurements provide fully compatible electron density measurements. Furthermore, the combined use of both methods conveys complementary information that leads to powerful constraints for are scenarios and the localization of particle acceleration sites that would not be possible with each method alone. In future work we plan to re ne the radio diagnostic further, with spectral modeling of decimetric bursts, which potentially allows us to determine the electron density and temperature simultaneously in up owing plasmas.
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Figure 8: Statistics of radio frequencies (left column), electron densities (middle column), and the ratio of radio-inferred to SXR-inferred densities (right column). The white histograms refer to the radio-inferred values, the hatched histograms to the SXR-inferred values. The values are measured at the start frequency of metric type III bursts (top row), at the low frequency of decimetric bursts (middle row), and at the high frequency of decimetric bursts (bottom row). The frequency regimes of the three rows are identi ed with the locations of the acceleration site (top), the front (middle) and bulk (bottom) of the plasma up ow driven by the chromospheric evaporation process (see text).
{ 16 { Figure 9 : The free-free opacity ff (n e ; r) is shown as function of the electron density n e and plasma column depth r at the plasma frequency, in form of contours in 2-parameter space (n e ; r) in bottom panel (with contour levels ff = 1; 2; :::; 20). The plasma is assumed to be of coronal temperature (T C = 1:5 MK) for low densities n e 3 10 9 cm ?3 , of are temperature (T F = 15 MK) for high densities (n e 10 11 cm ?3 ), and is linearly interpolated inbetween (top panel). The observed 44 decimetric burst episodes (thick lines) and 25 metric type III bursts (thin lines) are inserted in the bottom panel according to the radio-inferred densities and with a plasma column depth estimated from the SXR-loop radius. Note that all radio bursts are domiciled in optically thin regimes with ff < 1.
Figure 10: Cartoon of a are model envisioning magnetic reconnection and chromospheric evaporation processes in the context of our electron density measurements. The panel on the right-hand side illustrates a dynamic radio spectrum with radio bursts indicated in the frequency-time plane. The acceleration site is located in a low-density region (in the cusp) with a density of n acc e 10 9 cm ?3 from where electron beams are accelerated in upward (type III) and downward (RS bursts) direction. Downward precipitating electron beams that intercept with the chromospheric evaporation front with density jumps over n upflow e = 1 ? 5 10 10 cm ?3 can be traced as decimetric bursts with almost in nite drift rate in the 1-2 GHz range. The SXR-bright are loops completely lled up by evaporated plasma have somewhat higher densities of n SXR e 10 11 cm ?3 . The chromospheric up ow lls loops subsequently with wider footpoint separation while the reconnection point rises higher. Figure 1 : (Aschwanden et al. 1997) { 18 { (Aschwanden & Benz 1997) 
